The increasing use of gold nanoparticles (NPs) raises concerns about the potential effect of gold NPs 19 exposure on human health. Therefore, gold NPs exposure is hard to evaluate at the organ level with 20 current measurement technology. The bio-distribution assay showed that intestine was the organ with 21 most gold NPs accumulated in C. elegans. However, our data indicated that 62.8% of the significant 22 altered genes were function in the nervous system using tissue enrichment analysis. Notably,
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The RNA sequencing data, reference series GSE32521, was obtained from Gene Expression Omnibus,
126
National Center for Biotechnology Information. Age-synchronized L3 worms were exposed to 4 nm gold
127
NPs with a concentration of 5.9 mg/L in 50% K-Medium. Then they were cultured with 50% K-Medium 128 and left for another 12h. The RNA was extracted from each of the replicates. Significantly changed genes 129 with 1.5 fold and p < 0.05 and FDR < 0.1 were analyzed 22 .
131
Gene Expression Analysis
132
The volcano plot was generated by R (version 3.5.2) using package ggplot2. Significantly changed genes 133 with 1.5 fold and p < 0.05 were marked red. Genes with 1.5 fold and p > 0.05 were marked blue. The 134 tissue enrichment analysis was proceeded by Gene Set Enrichment Analysis function of Wormbase
135
(https://www.wormbase.org/tools/enrichment/tea/tea.cgi) 25 . The color of each sub-tissue was marked 136 based on the tissue. The motif sequence was analyzed using the motif discovery function of MEME
137
(http://meme-suite.org/tools/meme) 26 . The length of the enriched motifs was set between 6 to 50 138 nucleotides.
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Protein function and sub-cellular localization analysis 141
The protein-protein function analysis was measured using genes that significantly increased in 142 expression. The co-expression, genetic interactions and physical interactions were used as parameters 143 to analyze the interaction using Genemania (https://genemania.org/) 27 
150
Ion Channel protein Analysis
151
The proteins specific to each ion channel were isolated from RNA sequencing data as previously 152 reported 30 . The genes significantly changed in expression, were analyzed and data was shown using a 153 heat map generated by R. The activation of each ion channel was predicted based on the change in 154 expression of ion channel proteins.
156

Results
157
The nervous system is the most affected by gold NPs
158
In mice, the liver and spleen are the target organs for gold NPs accumulation 21 . In C. elegans, the 159 intestine plays a role as the liver, kidney, spleen, and stomach, which is also the organ that has most gold 160 NPs accumulated 22 . For the worms treated with 4 nm gold NPs, 773 genes were significantly increased 161 for at least 2-fold and 268 genes were significantly decreased for at least 2-fold ( Fig. 1A) . The tissue 10 enrichment assay showed that 62.8% of the significantly altered genes are localized in neuron cells, 163 14.9% enriched intestine, 7.8% for reproductive system, 1.6% for muscles and 13% for other tissues ( NPs interact with the nervous system, the significantly increased genes which enriched in the nervous 175 system were analyzed by protein-protein interaction assays. In all the significantly increased genes, 20 of 176 them showed more interaction with other proteins (Fig. 1E ). Function analysis showed that they are 177 involved in cellular component organization (let-2, dyn-1, unc-51, unc-54, chc-1, ama-1, sec-24.2, eif-3.B, 178 tfg-1, and F13B9.1), reproduction (let-1, dyn-1, snx-14, unc-54, H28O16.1, dlst-1, chc-1, copb-1, csnk-1, 179 eif-3.B, ama-1, tsr-1, sec-24.2, and tfg-1), multicellular organismal development (let-1, dyn-1, T22F3.3, 180 unc-54, H28O16.1, dlst-1, chc-1, csnk-1, eif-3.B, ama-1, tsr-1, sec-24.2, pme-5, and tfg-1) , nematode 181 larval development (let-2, dyn-1, unc-51, T22F3.3, unc-54, H28O16.1, dlst-1, chc-1, csnk-1, eif-3 1, dlst-1, chc-1, csnk-1, eif-3.B, ama-1, tsr-1, sec-24.2 , pme-5 and tfg-1) (Fig. 1F ).
Gold NPs regulate development and reproduction through the nervous system
186
To investigate how gold NPs interact with C. elegans in the culture environment, the size distribution and 187 zeta potential were measured in water and S medium. With the increase of concentration, the real size of 188 gold NPs increased (Fig.2A&2B ). The average hydrodynamic diameter of 1, 10, 100 mg/L gold NPs in S 189 medium are 94.4 ± 29.9, 952.4 ± 150.1, and 1144.3 ± 159.7 nm, respectively. There was no significant 190 difference between the zeta potential of gold NPs in water and in S medium. The zeta potential for S 191 medium are -5.93, -14.6, and -6.6 mV respectively ( Fig.2C&2D ). These results indicated that gold NPs
192
have a larger size in S medium than water, but the dispersion is very stable after sonication. To further the development of C. elegans, the developmental assay was preformed by start exposure from L1 stage.
202
As shown in Fig.2F 92.3% as L4 stage, 6.8% as L3 stage (Fig.2H) . These results indicate that the 10 and 100 mg/L gold NPs 209 delayed the development of C. elegans in a concentration dependent manner.
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Gold NPs damage the nervous system mainly through oxidative stress.
212
Since the nervous system was the most affected organ by gold NPs exposure, we further investigated 213 the mechanism of how gold NPs affect the nervous system function. Oxidative stress has been reported 214 as the main factor causes damage when the cells and mice were exposed to gold NPs 17,19 . We analyzed 215 our data by comparing the reactive oxygen species signaling in C. elegans dataset (GSE54024) 31 . From 216 all the genes significantly increased and enriched in the nervous system, 26.5% of them were related to 217 reactive oxygen species signaling pathway (Fig. 3A) . Gene ontology showed these 62 genes were 
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As shown in Fig.3C&D 
434
Volcano plot depicting changes in gene expression in C. elegans after gold NPs exposure was analyzed.
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Gene fold changes are plotted against a P value. Genes with upregulated or downregulated by more than 
